Chalcone derivatives (3a-m) were prepared by condensing 4-aminoacetophenone with various substituted aromatic and hetero aromatic aldehydes according to Claisen-Schmidt condensation. These chalcones, on reaction with guanidine hydrochloride under basic alcoholic conditions gave 2,4,6-trisubstituted pyrimidines (5a-m) in quantitative yields. All the newly synthesized pyrimidines were characterized by means of IR, 1 H-and 13 C-NMR, Electron Ionization (EI)-mass and elemental analyses and screened for anti-inflammatory and analgesic activities by in vivo. 2-Amino-4-(4-aminophenyl)-6-(2,4-dichlorophenyl)pyrimidine (5b) and 2-amino-4-(4-aminophenyl)-6-(3-bromophenyl) pyrimidine (5d) were found to be the most potent anti-inflammatory and analgesic activity compared with ibuprofen, reference standard. And also it was found that compound 5b identified as lead structure among all in both the activities. Pyrimidines which showed good anti-inflammatory activity also displayed better analgesic activity.
Regular Article
Chalcones have been very attractive starting materials in medicinal chemistry from the initial years: they are easy to prepare with large variability at the two aromatic rings and the enone provides a bifunctional site for 1,3-dinucleophiles affording several heterocyclic ring-systems while incorporating other diversity elements. 1) Pyrimidine derivatives have been the subject of substantial attention by synthetic and medicinal chemists because of the role of this heteroaromatic ring in many biological activities such as anticancer, 2) antiviral, 3) antitumor, 4) anti-inflammatory, 5) antimicrobial, 6) antifungal, 7) antihistaminic, 8) and analgesic activities. 9) Novel immunosuppressive agents like 2-aminoquinazolines 10) and aminopyrimidine amides 11) were target components of signal transduction pathways mediated by the T cell receptor (TCR) may be useful as therapies for T-cell-mediated inflammatory or autoimmune diseases such as rheumatoid arthritis, polyarthritis scleroderma, inflammatory bowel disease, type 1 diabetes, myasthenia gravis and lupus. 12) Over the past few years, IkB kinase (IKK) emerged as a prime target for the development of novel anti-rheumatic and antiinflammatory drugs and also found that IKK2 is a key player in the transduction of pro-inflammatory signals. 13, 14) Adenosine kinase (AK) inhibition is a more effective mechanism for increasing extracellular adenosine (ADO) to limit tissue damage and restore normal function by activating members of the P1 receptor family and these have been found to inhibit AK for controlling metabolic stress and trauma. 15) Literature revealed that the some substituted pyrimidines act as novel and potent TRPV1 antagonists for the treatment of hyperalgesia. 16, 17) In view of these references, the synthesis of a new series of 2,4,6-trisubstituted pyrimidines are now reported. The desired target compounds (5a-m) were prepared from the 1,3-diarylpropenones (3a-m) 18, 19) and guanidine (4) by refluxing them together in a basic alcoholic media (Chart 1). Some authors gave different mechanistic suggestions of their experimental findings, where e.g. either hydrogen evolution 20) or hydride ion migration 21) was considered for pyrimidines formation and all these synthesized pyrimidines (Table 1) were screened for their analgesic and anti-inflammatory activity.
Results and Discussion
Chemistry Target compounds, 5a-m were synthesized by the reaction which proceeds either by 1,2-addition and/or 1,4-addition of the amino group of guanidine to the ketone, followed by cyclization to give the corresponding 2-amino-4,6-disubstituted pyrimidine derivatives 5a-m. 22) The structure of the products, 5a-m, was established spectroscopically. Thus, their IR spectra show two bands in the regions, 1640-1610 cm Ϫ1 and 1375-1350 cm Ϫ1 characteristic of the pyrimidine system, and three bands in the regions, 3490-3460 cm
Ϫ1
, 3375-3300 cm
, and 3200-3100 cm Ϫ1 (nNH 2 : free and H-bonded). The 1 H-NMR spectra of these com- which disappeared when the deuteriodimethylsulphoxide solution was shaken with deuterium oxide. And also the characteristic singlet peak observed in the range d 7.90-7.20 ppm indicates the presence of single proton at C-5 position of pyrimidine ring further confirms the formation of pyrimidine nucleus. In the 13 C-NMR spectrum exhibited characteristic peaks between d 170-160 ppm for ring carbons adjacent to nitrogen atom in pyrimidine nucleus, and d 150-120 ppm for other ring carbons confirming the pyrimidine structure. The mass spectra showed the corresponding molecular ion peak [M ϩ ] or [MϩH] ϩ as the base peaks and the fragmentation patterns was characteristic of respective pyrimidines. The elemental analyses of all the newly synthesized compounds confirmed their structures.
Anti-inflammatory Activity All the synthesized compounds (5a-m) were screened for the anti-inflammatory activity by carrageenan induced rat paw edema model. The present study illustrated that the compounds showed dose dependent response. The effect of the test compounds and ibuprofen, as a reference, was measured before and 0.5, 1, 2, 3, 4 and 6 h after carrageenan injection. Percent edema inhibition was calculated as regard to saline control group, as depicted in Table 2 . Most of the test compounds showed a reasonable inhibition of edema size ( * pϽ0.01) in comparison with ibuprofen. As shown in Table 2 , 2-amino-4-(4-aminophenyl)-6-(2,4-dichlorophenyl) pyrimidine (5b) and 2-amino-4-(4-aminophenyl)-6-(3-bromophenyl) pyrimidine (5d) were found to be the most potent anti-inflammatory compounds, whereas compounds 5e, i and k carrying methoxyl and dimethylamino substituent at 4-position on phenyl ring which is present at C-6 position of pyrimidine nucleus respectively and 2-pyridinyl substituent at C-6 position of pyrimidine showed remarkable activity. And also it was found that compound 5b identified as lead structure among the all.
Analyzing the anti-inflammatory activity of the synthesized compounds 5a-m, the following structure-activity relationship (SAR) was gained. Among four halogen substituted pyrimidine derivatives 5a-d, the potency order was 2,4-Cl 2 Ͼm-BrϾp-FϾo-Cl. Between five electron-donor substituted pyrimidine derivatives 5e-i, the potency order was
In addition, among three pyridinyl substituted pyrimidines 5k-m, the potency order was 2-pyridinylϾ4-pyridinylϾ3-pyridinyl.
12-15)
Analgesic Activity The analgesic activity of the synthesized compounds was also investigated for all representative compounds (5a-m) by tail flick method, which involves the use of heat as source to induce pain in mice. The increase in the reaction time (time interval) compared to basal is proportional to analgesic activity of the test compounds. The results are summarized in Table 3 .
Compounds 5b and d showed dose dependent activity and significantly higher protection at 120 min which is comparable to the standard drug, it indicates that it may exert its action in a same manner as that of well established drug Ibuprofen because they carries 2,4-dichlorophenyl and 3-bromophenyl chemophores at C-6 position of pyrimidine nucleus respectively. In addition it was found that the compounds having 3,4-dimethoxyphenyl (5f), 4-dimethylamino (5i) and 4-pyridinyl (5l) moieties at C-6 position of pyrimidine respectively exhibited moderate analgesic activity and activity has increased at 60 min and reached the maximum peak at 120 min. Analyzing the analgesic activity of all the compounds 5a-m, the following SAR was gained. Among four halogen substituted pyrimidines 5a-d, the potency order was m-BrϾ2,4-Cl 2 Ͼp-FϾp-Cl. Between five electrondonor substituted pyrimidines 5e-i, the potency order was 3,4-(OCH 3 ) 2 Ͼp-N(CH 3 ) 2 Ͼp-OCH 3 Ͼ3,4,5-(OCH 3 ) 3 Ͼp-CH 3 . In addition, among the three pyridinyl substituted pyrimidines 5k-m, the potency order was 4-pyridinylϾ3-pyridinylϾ2-pyridinyl. Among all compound 5d is found to exhibit significant analgesic activity at 120 min. These results indicated that 5b and d are more promising molecules as anti-inflammatory and analgesic agents and further studies are required to elucidation of exact mechanism of action for their therapeutic potential. 1080 Vol. 59, No. 9 
Conclusion
These new agents may be act by one of the mechanisms discussed in introduction and can be further utilized for lead optimization purposes and also can be new leads for nonsteroidal anti-inflammatory drugs (NSAIDs). It was found that the presence of electron releasing group on phenyl ring system attached at C-6 position of pyrimidine is important for their activity. The aryl group at C-6 position has been replaced by pyridinyl group is also important for those activities.
Experimental
General All reagents and solvents were used as purchased without further purification. Melting points were determined on a standard Boetius apparatus and are uncorrected. The IR spectra were recorded in Perkin-Elmer BXF1 Fourier Transform (FT)-IR spectrophotometer using KBr disc method. 1 H-and 13 C-NMR spectra were recorded in the indicated solvent on a Bruker AMX 400 and 100 MHz respectively with tetramethylsilane (TMS) as internal standard (chemical shifts in d ppm). Mass [EI-MS (70 eV)] spectra were recorded on Agilent 1100 EI-mass spectrophotometer. The elemental analyses of the synthesized compounds were recorded on Carlo Erba 1108 elemental analyzer and were within Ϯ0.4% of the theoretical values. Analytical TLC was performed on Silica Gel F 254 plates (Merck) with visualization by UV (254 nm) chamber with protective filters. All the pyrimidines have been purified by column chromatography performed on silica gel (100-200 mesh, Merck). 22) To a reaction vial containing 50 mmol of corresponding chalcone (3) and 50 mmol of KOH as solid was added 400 ml absolute ethanol. To the reaction mixture was added 200 ml of a 0.25 M solution of guanidine hydrochloride (4) in absolute ethanol. The reaction mixture was capped, shaken to ensure mixing and then allowed to reflux at 70°C for 2 to 6 h. Reaction completion was identified by TLC. Upon completion, the reaction mixture were cooled to room temperature and quenched with 100 ml of a 0.5 M solution of HCl in water. The reaction mixture was shaken to ensure mixing and then concentrated to dryness in vacuo to afford the product as a solid. It was purified by column chromatography, using ethylacetate and hexane mixture as mobile phase obtained pure pyrimidine derivatives (5a-m). ]. Pharmacology All the synthesized compounds were screened for analgesic and anti-inflammatory activity in rats and mice. Wistar albino rats (150-200 g) and Swiss albino mice (20-25 g) of either sex (M/S Ghosh Enterprises, Calcutta, West Bengal, India) were used and the animals were kept at 26Ϯ2°C with relative humidity 44-56%, with 12 h light/12 h dark cycle. All the animals were fed with standard diet and water ad libitum. Permission has been obtained from the IAEC for conducting the above experiments. 18-24 h fasted animals were used for the experiments. 18-24 h fasted animals were used for the experiments. Experimental groups were divided into 15, each containing 6 animals. The test compounds were suspended in 1% sodium carboxymethylcellulose (Na-CMC) and administered at dose of 10 mg/kg of body weight (b.w.) and 10 mg/kg, b.w. of ibuprofen was administered as a reference standard drug for both the activities by orally. The control group received 1% Na-CMC (1 ml/kg, b.w.) in distilled water.
General Procedure for the Synthesis of 2-Amino-4-(4-aminophenyl)-6-(substituted or unsubstituted aryl/unsubstituted heteroaryl)pyrimidines 5a-m)

2-Amino-4-(4-aminophenyl)-6-(4-chlorophenyl
Anti-inflammatory Activity The compounds were tested for anti-inflammatory activity by carrageenan-induced rat paw edema method described by Winter et al. 23) and Kulkarni et al. 24) method. One hour after the administration of test compounds, rats in all groups were challenged with carrageenan (1% prepared in 0.4% NaCl) in the sub-plantar region of right hind paw. The paw volume was measured at different intervals of time (0.5, 1, 2, 3, 4, 6 h) using digital plethysmometer and 0 h reading, before administration of the carrageenan was taken. The percentage inhibition of paw volume for each test group is calculated using following equation. Percentage of inhibition (%)ϭ[1Ϫvolume in ml (test compound)/volume in ml (control)]ϫ100. The results and statistical analysis of anti-inflammatory activity of control, reference drug and the compounds tested are shown in Table 2 .
Analgesic Activity Tail flick (tail-withdrawal from the radiant heat) method was conducted according to D'Amour et al. 25) and Kulkarni 26) using an analgesiometer was adopted for evaluation of analgesic activity of the test compounds and standard. Basal reaction time has been taken to radiant heat by placing the tip (last 1-2 cm) of the tail of the animals (control, standard and test groups) individually. The tail-withdrawal from the heat is taken as the end point. All the animals were held in position by a suitable restrained with the tail extending out and the tail (up to 2 cm) was then dipped in a water bath maintained at 55Ϯ0.5°C which is present in analgesiometer. The time in seconds taken to withdraw the tail clearly out of water was taken as the reaction time and was recorded at 0.5, 1, 2, 3 and 4 h after administration of compounds. A cut off point of 10 s was observed to prevent the tail damage. The percentage of protection in the control, standard drug and compound treated animals were calculated using following equation. Percentage of protection (%)ϭ[1Ϫbasal reaction time in seconds (control)/basal reaction time in seconds (test compound)]ϫ100. The results and statistical analysis of analgesic activity of control, ibuprofen and the compounds tested are shown in Table 3 .
